UNDERGROUND INUNDATION BY PLUVIAL FLOOD IN FULLY URBANIZED AREA OF OSAKA
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- 1. INTRODUCTION N ——eT I

Frequency of local short-time heavy rain in urban areas is increasing recently. In urban areas, rainwater :gg;
drainage depends on sewerage due to the increase in impervious areas. In addition, using underground LHE w > =0.5
spaces such as underground malls and subways are progressing to make effective use of space. When local ﬁ- j: 3‘"‘3‘:075
heavy rainfall happens in a short time, not only pluvial flooding but also the risk of underground ‘; ?L::zzms
inundation increases. Terada et al. has investigated how the intruding water spreads across the subway \;{; ! A >=15
network due to pluvial flood. From the result, flooded water has broadly spread across in the subway 251 @ Ll >= 175
network. In our previous studies, inundation simulation by pluvial flood hasn't been done for other areas :25
except the Ebie treatment area in Osaka City. In this study, a simulation model of InfoWorks ICM h"iﬁ%g s—g

considering sewerage drainage system in the Tsumori treatment area which connect to the Ebie treatment fsy s s Depthi(m)

area by subway tracks is built. Also, the inflow characteristics through the underground entrances in the
Tsumori treatment area are discussed.

2. STUDY AREA AND METHOD

The study area shown in Fig.1 is Tsumori treatment area in Osaka city. The underground entrances are 261
in the subway (31 stations), 71 in the underground mall (3 places), and 27 in the underground parking lot
(10 places). There are also 5 underpasses. The ground level flooding and the inflow through the
underground entrances are calculated by InfoWorks ICM. This model is using 1D-2D urban drainage model.
Floodwater flows only on roads and do not flows into residential areas such as buildings. Figure 2 shows
the rainfall. The total rainfall is 242.0mm, and the rainfall exceeding 60mm/hr which is the sewer drainage
capacity of Osaka City is 98.5mm.

Fig.3 Inundation process and maximum depth

4. INFLOW CHARACTERISTICS INTO UNDERGROUND SPACE

The results show that, 24 subway stations were flooded. Inflow occurred at 84 entrances, and the total
inflow into the station was 280,123m3. The top six stations with the largest inflows accounted for 74% of
the total. Figure 4 shows the inflows at the six. At Awaza Station, Nishinagahori Station and Sakuragawa
Station, the inflow peak was about 50 minutes behind other stations. The area around 3 stations is below
or less than 1m above sea level, thus peak time was slowed by floodwater flowing from other areas. Figure
5 shows the inundation depth of underpass. If a car is submerged, the escape limit depth for adult men is
0.56m (Takahashi et al,2013). At the underpass, the water depth exceeded the escape limit water depth in
about 50 minutes from the start of rainfall. Therefore, it is suggested that early evacuation during
inundation becomes important in underpass.

o 20.0 0 4.5 0
A TR o ST e e @ mm Study subject rainfall % Hyetograph in 10-minute units
18.0 | 1L 50 4.0 S0
. @ @ 16.0 % Hyetograph in 10-minute units —Awaza
= _ @ @ 200 . —Hommachi 100 ~ 3.3 100 =
il ] D ——l e asianas _ 14.0 .
180 ?g Ebisucho 150 % 3.0 mm Study subject rainfall 150 E.
g = 12.0 . —Dai z = —Taniroku UP(1 g
""'--f @ @ _ 160 qé Daikokucho | g é 25 Taniionn UP(EI)) 500 %
= R = C e 2
% 140 ;_g 10.0 Hanazonocho 200 *Q-*E 4;.; - Nishinari UP(iii) - g
DO k=) 120 . % 8.0 Tengachaya 250 % o —KamomeWO UP(v) —
S ~L = @ = Total rainfall above 60mm/hr: 98.5mm = - | < 15 —JR UP(iv) 300 €
7 = 6.0 - —Nishinagahori = ---Escape limit water depth (0.56m) 'S
5 100 300 & o
= 40 350
— 80 '
& 350 400
= 2.0
= 60
S
— Midosuiji Line : % @ @ a 40 00 —/H—— 1ttt 111 == e 400 450
— Yotsubashi Line ' . -] ) S -] - -
- Szg;?ggniaelﬁne f . : 20 - S — ) el \O
— Chuo Line [ L
— Sakaisuji Line 5
_— Nagah-ori Tsurumi-ryokuchi Line '*.1:*.‘ O Un dergroun diaall [ e S NS N TR S NN SRS S RS S SN R U SR S S o . . .
_ s e | 0:00 1:00 5.00 3.00 4:00 5.00 6:00 Fig.4 Inflow to subway stations Fig.5 Inundation depth of underpass
SR ! : ’ : O Underground parking lot | ; Time (hr)
" Keihan Nakanoshima Line ; L lkm O Underpass Ikm 5 CO N C LU S I O N S
°

Fig.1 Tsumori treatment area in Osaka City
(left: subway network, right: other space)

Fig.2 Subject rainfall hyetograph . . . S . . . .
In this paper, a simulation model considering sewerage drainage system in Tsumori treatment area in

Osaka city was built. Underground entrances were modeled on the basis of field survey results. Numerical
results show that the inflow rate of the flood water was 6.04% in subway, 0.04% in underground mall,
1.57% in underground parking, and 0.48% in underpass.
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